Abstract: Degenerative histopathalogical alterations were seen in gills due to chronic exposure of the fish, Labeo rohita to chlorides of chromium, nickel and zinc for 30 days. However, more severe degenerative changes were observed in case of zinc chloride exposed fish than nickel chloride and chromium chloride treated fishes, indicating more toxic nature of zinc chloride. Mucus secretion over the gill lamellae was seen prominently in all the experimental fishes. However, in zinc chloride treated fish there was excessive mucus secretion after ten days of exposure and after thirty days, epithelial lifting was seen. In chromium chloride and nickel chloride treated fishes there was basal hyperplasia, which indicated compensatory mechanism in ion regulation to adjust with the toxic stress.
INTRODUCTION
Due to the rapid industrial development during last few decades in India, the disposal of industrial effluents has become a serious problem. A huge amount of wastewater generated from factories is discharged on land or into the running water. Wastewater is characterized by low pH, high BOD and COD values and contains a high percentage of organic and inorganic materials (Chauhan, 1991) . Heavy metal contamination has been reported in aquatic organisms (Adham et al., 2002 and Olojo et al., 2005) . These pollutants build up in the food chain and are responsible for adverse effects and death in the aquatic organisms (Farkas et al., 2002) . Fish are widely used to evaluate the health of aquatic ecosystems and physiological changes serve as biomarkers of environmental pollution (Kock et al., 1996) . Good quality of food for consumption can only be produced in an environment free from contamination. Fish, having great economic importance, are affected immensely by various chemicals including heavy metals directly or indirectly in various ways. Several reports indicate high mortality of juvenile fish and reduced breeding potentiality of adults after long term exposure to heavy metals (Olojo et al., 2005) . The freshwater fish, Labeo rohita is of great commercial importance because it is the most common fish widely consumed worldwide. Therefore, it can be a good model to study the responses to heavy metal contaminations. Chromium plating is one of the major uses of chromium. Effluents from these processes are strongly acidic and may contain the toxic hexavalent chromium or the less toxic trivalent form. Steel fabrication, paint, pigment manufacturing and leather tanning constitute other major uses of chromium. Nickel finds numerous applications in many industries because of its corrosion resistance high strength and durability, pleasing appearance, good thermal and electrical conductivity and alloying ability. The production of alloys accounts for approximately 75% of total nickel consumption (Wilson et al., 1986 , Nriagu and Pacyna, 1988 , Nicolaidou and Nott, 1989 . Zinc, an essential trace metal becomes toxic when the nutritional supply becomes excessive. Moderately increased zinc concentrations in water stemming from the release of zinc from drainage pipes due to corrosion. The main uses of zinc are in the manufacture of galvanized iron, bronze, paint (white), rubber, glazes, enamel glass, paper, as a wood preservative (ZnCl 2 , fungicidal action), petrochemicals, and fertilizers and in steam generation power plants etc. (Nriagu and Pacyna, 1988) . Gills are the first target of waterborne pollutants due to the constant contact with the external environment, as well as the main place for heavy metal uptake (Campbell et al., 1979; and Perry and Laurent 1993) . It is well known that changes in fish gill are among the most commonly recognized responses to environmental pollutants (Mallatt, 1985; Laurent and Perry, 1991; Au, 2004 and Antonio et al., 2007) . The organisms develop a protective defense against the deleterious effects of heavy metals and other xenobiotics that produce degenerative changes like oxidative stress in the body (Filipovic and Raspor, 2003; Abou EL-Naga et al., 2005, Vinodhini and Narayanan, 2008) . A histological study is necessary to 
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monitor the recovery because survival / mortality criteria do not alone provide an accurate assessment of the circumstances of stress condition. The investigation of histological changes in gill of fish is one of the accurate ways to assess the effects of xenobiotics compounds in experimental studies. With this in view, an attempt has been made to observe the chronic effect of sublethal concentration of chromium chloride, nickel chloride and zinc chloride on gill of the fish, Labeo rohita. This investigation presents a reliable indicator of the aquatic ecosystem contamination and the possible negative impact of the surrounding environment.
MATERIALS AND METHODS
Disease-free fish, Labeo rohita were bathed in 1% KMnO 4 solution and acclimated in big glass aquarium of 400 to 450 liter capacity for a period of 15 days. Chlorine free aged tap water was used in the aquaria. The water had pH 8.2 ± 0.2; hardness 280 mg/l; D.O. 6.2 mg/l; total alkalinity 310 mg/l and temperature 25 ± 2 0 C. The fish were fed with rice bran daily at 10.30 am. The water in the aquaria was changed daily after the consumption of food supplied. The healthy fish of both the sexes and uniform size and weight (125 ± 2g) were selected from the lot for experimental purpose. Initially 96h LC 50 doses were determined for chromium, nickel and zinc heavy metal compounds by the method as described in standard methods by APHA (1998). Forty healthy fish from the stock were selected and were divided into four groups. Group-I: Consisted of 10 fish in aged tap water which served as control. Group-II: Consisted of 10 fish kept in toxicant water containing 6mg/l chromium chloride for 30 days. Group-III: Consisted of 10 fish kept in toxicant water containing 4mg/l nickel chloride for 30 days. Group-IV: Consisted of 10 fish kept in toxicant water containing 2mg/l zinc chloride for 30 days. The fish were exposed to 6mg/l of chromium chloride, 4mg/l of nickel chloride and 2mg/l of zinc chloride, separately, which are 1\10 th of their 96h LC 50 concentrations. To avoid the effects of starvation, the fish were fed on the rice bran at the average feeding rate of 25mg food \ gm fish \ day. The toxicant solutions and the aged tap water (control) were renewed every day in the morning after removing the unused food, to maintain uniform test concentrations throughout the experimental period. The controls as well as the experimental fish were sacrificed on the day 10 and 30. The gill arch at the right side of the each fish was dissected out and rinsed in fresh water fish saline to remove the bloodstains. Then the gills were cut into small pieces of desirable size and fixed immediately into aqueous Bouin ' s fluid. The tissues were further processed by standard methods as described by Weissman (1972) . The sections were cut and stained with haematoxylin-eosin, processed further, cleaned and then observed under microscope.
RESULTS
Healthy and control gill is characterized by the presence of intact primary lamellae along with the secondary lamellae. The secondary lamellae show mucous cells lying scattered on both the sides of epithelium. The pilaster cells are scattered and the basement membrane traverses through the secondary gill lamella (Fig. 1) .The gills of chromium chloride exposed fishes after ten days showed visible shrinkage in the primary and secondary lamellae with a loss of respiratory epithelial cells (Fig2) . The secondary gill lamellae were bent irregularly and the epithelium at the tip was thickened to form a clubbed structure. Necrosis of few epithelial cells and damaged RBCs were evident after 30 days treatment with a visible space between primary and secondary lamellae and a moderate basal hyperplasia of secondary lamellae (Fig.3) was seen. Fusion of some secondary lamellae was also evident. After ten days of exposure to nickel chloride (4mg/l) irregular disruption of epithelial cells along with mucus was prominently seen (Fig. 4) . But after thirty days of exposure to same toxicant, fusion of secondary lamellae, their shortening with basal hyperplasia was seen (Fig.  5) .A very distinct effect was seen in the gills of fish exposed to zinc chloride for ten days and that is excessive secretion of mucus which almost filled the gaps between adjacent secondary lamellae (Fig. 6) .After 30 days of exposure to zinc chloride, epithelial layer was lifted up from the basement membrane of the gill arch, filaments and the lamellae (Fig.7) .
DISCUSSION
The gills being delicate structures get affected easily if the surrounding media is contaminated Dutta Munshi, 1991 and Olojo et al., 2005) . One of the interesting observations in the present study is that mucous secreting cells of the gill epithelium were found in active stage. Increased mucous production which has some detoxification properties (Bender and Westman, 1979 ) may be to avoid direct contact to toxicants to the gill epithelium, while respiratory cells showed hypertrophy followed by atrophy, as also reported by Chauhan and Pandey (1987) and Antonio et al.(2007) and Vinodhini and Narayanan (2009) . The present work confirms the findings of Huges (1976 Huges ( , 1985 , Olojo et al. (2005) , and Osman et al.(2009) who have discussed the possible histopathological changes of gills due to heavy metals. Mallat (1985) suggested that hyperplasia of squamous epithelial and chloride cells of gill serves as a physical and physiological defense mechanism against the toxicants. Alteration in the cellular components as a cause of depression in the respiratory activity of fishes exposed to acute metallic poisoning have been suggested by many workers (Gardner and Yevich, 1970; Gould and Karolus, 1974, Sastry and Sunitha, 1984 and Osman et al., 2009) . Naidu et al. (1983) while studying the histology of gills of Sarotherodon mossambicus exposed to mercury, reported that the gills are vital respiratory and osmoregulatory organs and the cellular damage induced by the metal might impair the respiratory function of the fish by reducing the respiratory surface area. Srinivas and Rao (1999) investigated chromium induced alterations in the oxygen consumption of the fresh water fish, Labeo rohita and found that exposure of the fish Labeo rohita to 96 h LC 50 concentration of hexavalent chromium resulted into formation of club shaped secondary gill lamellae, fusion and necrosis of secondary gill lamellae and atrophy of central axis of the gill filament suggesting a decrease in the respiratory surface area. These results and the present observations are in agreement with several earlier observations (Srivastava et al., 1982; Kumar et al., 1988; Srivastava and Maurya, 1991; Christy, 1995; Olojo et al., 2005; Antonio et al.2007; Vinodhini and Narayanan 2009, Osman et al., 2009) . As reported by Srivastava et al. (1982) and Osman et al. (2009) a long term exposure to mixture of heavy metals containing chromium and also in the present study resulted in the loss of respiratory epithelium showing erosion of epithelial cells with necrosis of respiratory epithelial layer moderate basal hyperplasia (Fig. 3) and visible signs of clubbing at the tips of secondary lamellae (Fig. 2) . The findings thus, reveal that long term exposure to even a sublethal level of chromium, nickel and zinc caused a severe damage to respiratory organs like gills and in turn the respiratory function. Particularly in zinc chloride exposed fishes, the epithelium from the basement membrane of the gill arch, filaments and the lamellae was found to be lifted up (Fig. 7) , which is the most important sign of ecological degradation of surrounding water particularly due to toxicants. Such lifting of the epithelium (Fig. 7) from the gill tissue is related to the inflammatory conditions caused by the swelling of the lymphatics present between the vascular bed and the epithelium (Christie and Battle, 1963; Ansari and Srivastava, 1984; Roy et al., 1986; Antonio et al. 2007; and Osman et al., 2009) . Edema with lifting of lamellar epithelium could be serve as a mechanism of defense because separation of epithelium of the lamellae increases the distance across which waterborne pollutants must diffuse to reach the blood stream (Arellano et al., 1999) . The fusion of the gill lamellae is another effect seen in the fishes exposed to nickel chloride (Fig. 5) for thirty days. As the lamellar fusion reduces the respiratory area, the fish fails to extract adequate oxygen for its metabolic activities and thus asphyxiates (Ojha, 1993 and Olojo et al., 2005) . In the present investigation, secretion of mucus (Figs. 4,  6 ) was observed in all the three experimental groups leading to suffocation. Because of this, gaseous and ionic exchange might have become complicated and more energy might be needed to be spent on maintaining the basal metabolism of the animal reducing its capacity to perform work and survive in nature (Hughes, 1976 and Olojo et al., 2005) .
Figs. 1-7. T.S. of gills of the fish Labeo rohita illustrating 1) the normal structure showing secondary gill lamellae (SL) with epithelial lining (EL), mucus cells (MC) and pilaster cells (PC). 2) changes after exposure to chromium chloride for 10 days as evidenced by shrinkage of epithelial lining (SEL) and bending and thickening of the epithelial tissue at the pick of the lamellae, giving apperance of a club (CT), 3) changes after exposure to chromium chloride for 30 days as evidenced by fusion of secondary lamellae (FSL) and moderate basal hyperplasia (MBH), 4) changes after exposure to nickil chloride for 10 days as evidenvced by disruption of epithelial cells (DEC) and secretion of mucus (M), 5) changes after exposure to nickil chloride for 30 days as evidenvced by basal hyperplasia (BH), fusion of two or more lamellae (FSL) and shortening of secondary lamellae, 6) changes after exposure to zinc chloride for 10 days as evdenced by excessive secreation of mucus between the secondary lamellae (M), 7) changes after exposure to zinc chloride for 30 days as evuidenced by epithalial lifting (EL) and secreation of mucus only in the distal half (M). All preaparations in

